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Abstract: Device-to-device (D2D) communication is an important technique to improve capacity of future wireless
networks. Cellular communications, internet of things and intelligent transport systems are key areas that could benefit
from reduced end-to-end delay provided by D2D communication. Efficient device discovery is an important precondition
to enable D2D communication. In this paper, we propose a space division multiple access (SDMA)-based distributed
device discovery protocol in which user equipments (UEs) periodically transmit discovery beacons to each other. The
proposed protocol reduces contention in the discovery beacons by allocating resource blocks to the UEs based on their
location. Simulations results show that the proposed protocol improves discovery rate and discovery delay in a dense
network.
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1. Introduction
Recent growth of wireless communication has increased the demand of radio frequency spectrum, which however
is a limited resource. To deal with the challenge of already congested frequency spectrum, there are two
possible solutions: i) either reduce the existing cellular cell size and add more network resources [1], which is
an expensive solution, or ii) use device-to-device (D2D) communication [2]. D2D communication enables direct
communication among the mobile devices which are in each other’s transmission range without the involvement
of base station (BS).

The possible use cases of D2D communication include vehicular information exchange, emergency data
dissemination and location aware services in smart cities [3, 4]. As an example, vehicular networks can utilize
D2D communication to quickly communicate with the nearby vehicles. Particularly, in emergency situations,
this can deliver faster notification to vehicles. Moreover, periodic safety messages that need to be exchanged
between nearby vehicles in a vehicular network, can also be efficiently transmitted without going through the
base station [5].

To realize D2D communication, several challenging issues such as device discovery, spectrum resource
allocation, interference management, power control, and communication security, have to be solved [6]. Among
these issues, the first prerequisite for implementing D2D communication is the device discovery. It enables
devices to discover potential D2D candidates in the proximity and establish a direct connection with them.
To accomplish this task, devices share number of messages between the user equipments (UEs), and between
the UEs and the BS. These messages gather information such as device location, channel quality, and device
identity number etc.
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Device discovery in D2D communication is categorized into two types: network assisted device discovery
and distributed device discovery. In network assisted device discovery, BS is directly involved in the device
discovery process and UEs that intend to start D2D communication send discovery requests to the BS [7]. In
turn, BS checks the availability and communication feasibility with the intended D2D receivers and sends this
information back to the UE that initiated the discovery request. A drawback of network assisted discovery is
that the workload of BS is increased which may negatively impact other tasks carried out by the BS [8–10].

In distributed device discovery, the UEs exchange messages with each other for discovery process without
the involvement of BS. Devices may either periodically share discovery messages with each other or send them
on-demand. Distributed discovery reduces the load on the BS, but it needs efficient medium access protocol to
avoid contention between discovery messages shared by UEs.

Distributed device discovery protocols such as [11] allow UEs to share periodic discovery beacons with
each other using carrier sense multiple access with collision avoidance (CSMA/CA) in a small dedicated set of
resource blocks called discovery zone resource block set (allocated for discovery process). However, the proposed
protocol suffers from contention and packet loss especially in dense network.

In this paper, we propose a space division multiple access (SDMA)-based protocol for distributed dis-
covery. To overcome the problem of contention by using CSMA/CA in dense networks, we propose to divide
the cell into different regions and allocate separate resource blocks to each region (while keeping the discovery
zone resource block set fixed). Simulation results show that our proposed protocol can reduce contention in the
discovery beacons and improve device discovery rate.

The rest of paper is organized as follows: In Section 2, we discuss the resent work related to device
discovery in D2D communication. Section 3 explains the SDMA-based distributed device discovery protocol.
In Section 4, we discuss the simulation scenario and performance evaluation results. Finally, conclusions are
presented in Section 5.

2. Related works
In this section, we present a review of the recent work in device discovery in D2D communication. Authors
in [12] design a peer discovery protocol using social awareness information. Social parameters such as contact
duration, contact interval and centrality is used to divide UEs into different groups. Those groups that have a
high centrality are allocated more transmit power since they can send beacons to more number of UEs.

The work in [13] proposes a duplex mode switching algorithm to improve the collisions in the device
discovery messages. In case the signal to noise ratio falls below a threshold, the D2D users change their
transmission mode from half-duplex to full-duplex. Moreover, a power control mechanism is also implemented
to improve energy efficiency of the device discovery process.

In [14], authors propose a hybrid D2D discovery method where the cellular network evaluates the
feasibility of a UE pair to establish a D2D link. If the two D2D UEs are within each other’s transmission
range, the eNodeB informs the UEs to initiate D2D communication. However, if the two UEs are far away, they
resort to cellular communication.

Authors in [15] propose a discovery scheme where neighboring UEs detect potential D2D partners by
monitoring sounding reference signal (SRS) during uplink transmission. Each UE listens to the SRS channel
periodically to discover other UEs with a high signal to noise ratio and also develop a framework to estimate
the channel statistics.
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End-user communications devices also known as UEs are carried by subscribers that commute between
different places throughout the day, which induce a specific time-dependent patterns of daily UE density within
each base station. In [16], authors propose a performance analysis for D2D discovery for multiple periods and
show the impact of both high and low transmitting users density cases. The analysis showed that the discovery
retransmission scheme behaves better at low transmit UE density while probability-based transmission scheme
behaves better at high density.

In [17], authors performed an analytical study of the number of UEs in a network assisted D2D discovery
group. This paper analyze the statistical behavior of the distance between two D2D peers using the core network
knowledge, assuming that the base stations (BS) follow a Poisson distribution. Based on this assumption, the
authors identify conditions to maximize the D2D discovery probability.

Authors in [18] evaluate the impact of UE density and traffic load on a proposed transmission scheduling
scheme. The model is first evaluated in a static network by using different levels of user densities, then it is
evaluated in a dynamic networks use-case by introducing a realistic human mobility model.

In [19] authors proposed a new proximity beacon-based peer discovery scheme with a low power con-
sumption. The key idea of the scheme was to use spatial correlation of the wireless channel and the trade-off
between the power consumption and the accuracy of the peer detection.

Authors in [20] proposed an adaptive algorithm for device discovery in D2D communication which
improves the discovery process in dynamic environments. The proposed adaptive algorithm works on the
instantaneous density prediction results obtained using support vector regression (SVR). The algorithm is
first trained with real network traces. A key advantage of using SVR is that it requires minimal computational
resources, unlike other regression tools, such as artificial neural networks (ANN) which consume more processing
time, need more complex configuration, and suffer from lack of generality causing under/over fitting issues.

D2D discovery scheme based on random backoff is proposed in [11] in which D2D UEs are allocated set
of resource blocks for sending discovery beacons. The set of resource blocks are repeated after a certain time
period. UEs periodically transmit discovery beacons to neighboring UEs. As a result, each UE keeps a neighbor
table of active D2D users and use this information before transmitting D2D messages. Within each resource
block set, UEs use CSMA/CA to pick a single resource block for transmission of discovery beacons. Those UEs
which fail to transmit their discovery beacons at first attempt randomly pick another resource block within
same resource block set. UEs which still do not succeed in transmission of discovery beacons in their allocated
resource block set attempt transmission in the next resource block set.

As compared to the existing work in the literature, our work is focused on improving the reliability and
accuracy of distributed device discovery while efficiently utilizing the resource blocks. The major contributions
of this paper are as follows.

• We propose a SDMA-based device discovery protocol that reduces the contention problem of CSMA/CA
based distributed device discovery.

• The proposed SDMA-based device discovery protocol uses an efficient resource allocation scheme that
improves the discovery rate and discovery delay of UEs while using the same number of resource blocks
as required by CSMA/CA based technique [11].

3185



RAHIM et al./Turk J Elec Eng & Comp Sci

3. SDMA-based distributed device discovery protocol

3.1. System model

We consider the scenario similar to the work in [11] where UEs are uniformaly distributed in a cell as shown in
Figure 1. UEs communicate with each other using D2D links and use distributed device discovery procedure. For
this purpose, discovery zone resource block sets are allocated to send discovery beacons. As shown in Figure 2,
two discovery zone resource block sets are shown each having R resource blocks. The total duration of discovery
zone resource block set is TDZ whereas the time between the two consecutive discovery zone resource block
sets is Td . UEs periodically transmit discovery beacons containing information about their location to the
neighboring UEs.

Figure 1. System model consisting of a cell with UEs divided in different regions.

Figure 2. Discovery zone resource block sets, here TDZ is the total duration of discovery zone resource block set and
Td is the time between the two consecutive discovery zone resource block sets.

3.2. Working of the proposed algorithm

We divide the cell into N regions as shown in Figure 1. Furthermore, we also divide a single discovery zone
resource block set into N smaller regional resource block sets as shown in Figure 3. Based on location, each
UE marks itself as member of one of the regions. We assume that all UEs generate their discovery beacons
randomly within K discovery zone resource block sets. This means that if there are M nodes in the cell, every
discovery zone resource block set has on average M

K UEs generating discovery beacons.
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The proposed protocol uses space division multiple access technique to allocate resource blocks to UEs
within a single discovery zone resource block set. A UE belonging to region 1 is allocated the first regional
resource block set R1 and so on e.g., UE1 and UE2 are located in the first region, so they use the resource
blocks allocated for the first region, UE4 in the second region uses the resource blocks of the second region.
Similarly, UE3 and UE5 are located in region N and use the resource blocks of the Nth region as shown in
Figure 3. Within a regional resource block set, UEs use CSMA/CA to transmit their discovery beacons.

In comparison, the work in [11] allocates resource blocks to all UEs within a discovery zone resource block
set as shown in Figure 4. As a result, there are more chances of collision and CSMA/CA fails to coordinate
channel access particularly in a dense network. Our proposed protocol uses SDMA on top of CSMA/CA to
reduce contention and improve the transmission probability.

Figure 3. Resource block allocation in SDMA based device discovery where UEs are allocated resources based on their
location, here R resource blocks are divided into N regional resource block sets.

Figure 4. Resource block allocation using random backoff where resources are allocated to all UEs using CSMA/CA.

The algorithm of the proposed protocol is shown in Algorithm 1. At the start of each discovery zone
resource block set, each UE maps itself to a particular region. If a UE has discovery beacon to generate in the
current discovery zone resource block set, it finds its regional resource block set number. Then, at the start time
of its regional resource block set, UE takes a random backoff within the range [0,W ] where W is the maximum
size of contention window. If the discovery beacon is not successfully transmitted, UE repeats the backoff
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process and transmits again unless the packet is transmitted or maximum number of allowed retransmissions
are over. If the backoff value taken is such that it exceeds the number of remaining resource blocks in the
current regional resource block set, UE keeps the discovery beacon in its queue and attempts transmission at
the start of next regional resource block set.

Algorithm 1: Proposed SDMA-based device discovery protocol
Data: Input

1 Number of nodes M ;
2 Number of resource blocks in discovery zone resource block set R ;
3 Number of regions N ;
4 Maximum contention window size W ;
5 for start time of each discovery zone resource block set do
6 for all vehicles v with a discovery beacon to send do
7 Map vehicle v to a region based on its location v → Nv

8 Find its regional resource block set number RN ;
9 At the start time of RN , take backoff within a range [0,W ] and use CSMA/CA to transmit;

10 If a simultaneous transmission is detected, repeat the backoff process for transmission;
11 If the backoff value is greater than the remaining resource blocks in the current regional

resource block set, keep the discovery beacon in the queue and transmit in the next
discovery zone resource block set.

12 end
13 end

4. Performance evaluation
In this section, we present the simulation based performance analysis of the proposed SDMAD protocol and
compare results with the RBD protocol from the literature:

SDMAD: We propose a space division multiple access (SDMA)-based protocol for distributed discovery
(SDMAD). To overcome the problem of contention by using CSMA/CA in dense networks, we propose to divide
the cell into different regions and allocate separate resource blocks to each region.

RBD: Authors in [11] proposed the random backoff discovery (RBD) protocol in which D2D UEs are
allocated set of resource blocks for sending discovery beacons. These resource blocks are repeated after a certain
time period. UEs periodically transmit discovery beacons to neighboring UEs using random contention process.

The UEs are randomly deployed with in the cell of radius 500 m as shown in Figure 5. The SDMAD pro-
tocol is implemented in MATLAB and Monte Carlo based simulation is performed to evaluate the performance
metrics and results are obtained by averaging 106 experiments. Simulation parameters are listed in the Table.

Table . Parameters used in simulation.
Parameters Values
Total number of D2D users, M 50− 300

Number of discovery zone resource block sets, K 20

Number of resource blocks in a resource block set, R 52

Time between two consecutive discovery zone resource block sets, Td 10 s
Duration of discovery zone resource block set, TDZ 52 ms
Maximum size of contention window, W 6
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Figure 5. Simulation scenario in MATLAB showing random deployment of UEs in a cell.

We used the following three performance metrics in this section.

• Number of collisions: It is defined as the total number of resource blocks which were chosen by two or
more UEs to transmit a discovery beacon and hence resulted in a collision.

• Discovery rate: It is defined as the ratio of the total number of discovery beacons that are successfully
transmitted without collisions to the total number of discovery beacons generated by the UEs.

• Discovery delay: It is defined as the difference between the time when the discovery beacon was
generated and the time when the discovery beacon was transmitted.

Figure 6 shows the number of collisions for the two protocols against different number of UEs in the cell.
It can be seen that the proposed SDMAD protocol results in less than 100 collisions at the highest number
of UEs value i.e. 300 . On the contrary, RBD protocol causes large number of collisions as the number of
UEs are increased above 150 . Out of total R × K = 52 × 20 = 1040 resource blocks, around 1000 resource
blocks result in collisions for the RBD protcol when the number of UEs are 300 . As the number of UEs which
cannot transmit in a discovery zone resource block set grow, more discovery beacons remain in the queue for
retransmissions. This over crowds the next discovery zone resource block sets and cause more UEs to contend
resulting in more collisions. SDMAD protocol efficiently reduces these collisions by using regional resource block
sets and reducing the number of UEs which are not able to transmit in a discovery zone resource block set.

Figure 7 shows the discovery rate of the two protocols at different number of nodes. It can be seen
that for small number of nodes SDMAD and RBD protocols show a similar discovery rate of higher than 0.98 .
However, unlike the RBD protocol, the SDMAD protocol also maintains a discovery rate of higher than 0.8

for different UE density in the cell. Particularly, when the number of UEs are 300 , SDMAD protocol has 8

times higher discovery rate than the RBD protocol. This gain is achieved due to allocating separate regional
resource block sets to UEs based on their location. Since, in a single discovery zone resource block set, not
all UEs from the same region generate discovery beacons, our proposed SDMAD protocol reduces contention.
Note that once discovery beacons are not transmitted in a discovery zone resource block set, they are kept in
the queue and transmitted again in the next discovery zone resource block set. Thus, the next discovery zone
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resource block set gets more crowded and result in further collisions and so on. This is one major reason of such
a low discovery rate for RBD protocol.
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Figure 6. Number of collisions for SDMAD and RBD at
different number of UEs.
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Figure 7. Discovery rate for SDMAD and RBD at differ-
ent number of UEs.

Figure 8 presents the discovery delay for the two protocols as the number of UEs are increased. The
proposed SDMAD shows a discovery delay of lower than 0.6 s even when the number of UEs are increased to
300 . On the other hand, RBD protocol shows a significant increase in discovery delay as the number of UEs in
the cell goes above 150 , reaching up to 1.9 s at the highest number of nodes. This increase in RBD protocol
can be explained due to large number of collisions which cause frequent retransmissions and discovery beacons
to be stored in queue till the next discovery zone resource block set. On the other hand, SDMAD reduces the
number of collisions which improve the discovery delay.
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Figure 8. Discovery delay for SDMAD and RBD at different number of UEs.
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5. Conclusion
In this paper, we propose a SDMA-based distribute device discovery protocol that uses SDMA on top of
CSMA/CA to effectively transmit discovery beacons. Based on location, UEs map themselves into different
regions and each region gets allocated a different set of resource blocks. Simulation results show that the
proposed protocol effectively reduces collisions and improves the discovery rate of UEs up to 8 times as compared
to the random backoff discovery technique. Moreover, the proposed protocol reduces discovery delay by 70%.
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